AIR CONDITIONING SYSTEM 



This application is a continuation-in-part of application 09/945,403 
which application claims the benefit of U.S. Provisional Application serial 
5 No. 60/230,177 filed September 1, 2000. Application Serial No. 

09/945,403 is pending. 

BACKGROUND OF THE INVENTION 

10 [0001] This invention relates to air conditioning systems that include the 
feature of heating, cooling, humidifying and dehumidifying an air flow stream, 
using a hot fluid source when heating, in a fluid loop circulating configuration. 
The improved air conditioning system uses a hot water control valve and a 
bypass valve in combination with a check valve in a fluid communicative system 

15 in cl uding re h^n *, eeetmg-and precooting CPUS to ooncfifiori an air finyi/ Qfr^ m 
[0002] Conventional and known air conditioning systems have been 
designed to attempt to work without the need for direct heat oil or gas burning 
systems. However, these systems tend to be inefficient and subject to failure. 
An example of elements that would be used in such existing systems is 

20 disclosed in U.S. Patent No. 5,802,862. While this invention addresses various 
elements to be used in a system, it does not solve or anticipate the solution to 
the problem of inefficient operation of air conditioning systems due to improper 
fan control, fluid loop pressure imbalances during operation and the formation 
of gas bubbles when domestic water is used as the fluid source for a water loop 

25 system. 

[0003] The present invention has a circulating fluid system that may use a 
water loop system for use with a hot water heating system that is moderated by 
a check valve with a lower system air pressure drop than a system with 
separate heating and cooling circuits such as a heat pipe system. No 
30 combustion air is required such as with a furnace or electric heat elements in 



the air duct system as with an air-to-air pump. The hot water supply may be 
kept at approximately 135 degrees to minimize formation of bacteria in the 
domestic hot water supply system. The system may also be operated in a 
whole house dehumidification mode with minimal energy consumption. By 

5 control setting of the operational sequencing of fluid flow, and air flow fan speed 
the latent capacity of the system is enhanced and the air conditioning system 
may perform properly while in low speed fan and fluid flow to save energy 
consumption. A further feature allows operation of the system to deliver low 
space humidity levels in a building. 

10 [0004] As can be seen, there is a need for a multioperational mode air 
conditioning system that may use domestic hot water as a heat source and that 
operates efficiently to condition an air steam flow. 

SUMMARY OF THE INVENTION 

15 — 

[0005] An improved air conditioning system according to the present 
invention comprises a fluid flow system, a control panel for operation thereof 
and a check valve in communication with a hot water source. 
[0006] In an aspect of the present invention the fluid flow system comprises 

20 a reheat coil downstream of a cooling coil and a precool coil wherein the reheat 
coil and precool coil are in fluid communication one with the other. A 
recirculating pump circulates water from a hot water control valve through the 
reheat coil to a bypass valve. The bypass valve is set to route the water 
through the precool coil or through a bypass conduit for return to the hot water 

25 control valve or to exit through a check valve. The check valve is structured to 
minimize the formation of gas bubbles in the water which condition degrades 
the performance of the air conditioning system. The hot water control valve 
may be set to recirculate the water or to receive hot water from a hot water 
source. A control panel functions to set the position of the bypass valve and 

30 hot water control valve, and to set the sequence of turn on and turn off of the 
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recirculating pump as well as operation of the fan and other air conditioning 
system elements. 

[0007] These and other features, aspects and advantages of the present 
invention will become better understood with reference to the following 
5 drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 illustrates a functional diagram according to an embodiment 
10 of the invention; 

Figure 2 illustrates a front elevation view of the equipment according 
to an embodiment of the invention; 



15 Figure 3 ilhintrnt o r n fnnrtim i H l hhvr k diagram of The control function 

according to an embodiment of the invention; 

Figure 4A illustrates a side elevation view of a condensate baffle 

pan; 

20 

Figure 4B illustrates a front elevation view of a condensate baffle 

pan; 

Figure 5 illustrates a side view of a check valve; 

25 

Figure 5A illustrates a side of a check valve with a calibrated groove; 
Figure 5B illustrates a plan view of a valve disk with a calibrated 

groove; 

30 
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Figure 6 illustrates a front elevation view of an alternate equipment 
embodiment; 

Figure 7 illustrates a front elevation view of an alternate equipment 
embodiment; 

5 

Figure 8 illustrates a front elevation view of an alternate equipment 
embodiment; 

Figure 9 illustrates a front elevation view of an alternate equipment 
10 embodiment; 

Figure 10 illustrates a front elevation view of an alternate equipment 
embodiment; 



15 Figure 1 1 illustrates a freot-etevation vi^w 5f an alternate equipment 

embodiment; 

Figure 12 illustrates a side view of a purge, balance and scrubber 
combination valve. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] The following detailed description is the best currently contemplated 
25 modes for carrying out the invention. The description is not to be taken in a 
limiting sense, but is made merely for the purpose of illustrating the general 
principles of the invention. 

[0010] Referring to Figures 1 and 2, an air conditioning system for cooling, 
heating, humidifying and dehumidifying circulation air has an insulated cabinet 
30 6 with removable service panels 7 and air supply and return duct flanges 5 with 
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air flow from the bottom of insulated cabinet 6 to the top. In the illustrated 
embodiment there is a variable speed backward curve single inlet fan 26 
supported by fan bracket 39 and a volute fan divisional support panel 40. 
There is a reheat coil 25 upstream or below the fan 26 supported by a divisional 
5 support panel 38 and a control panel 52 intermediate the fan 26 and reheat coil 
25. 

[0011] Upstream of the reheat coil 25 there is a cooling coil 24 having 
suction outlet conduit 17, thermal expansion valve 21, liquid inlet conduit 18 
and a multiposition condensate pan 27. There is also a horizontal condensate 
10 outlet 11, vertical condensate outlet 15 and auxiliary outlet 16 for condensate 
removal. The cooling coil 24 and other elements are supported by coil 
divisional support panel 37, 

[0012] Upstream of the cooling coil 24 there is a precool coil 23. In addition 
associated piping or conduit with valves is located adjacent the precooling coil 

15 23. This includes the p r s co ol c oil bypass va lve 29. hot water control valve 30, 
multiposition check valve/buffer 31 and purge valve/volume control 32. The 
three position hot water control valve 30 may be replaced with a two position 
control valve and a check valve combination (not shown). There is a precool 
coil divisional support panel 43 for support of the elements of this stage. Also 

20 located in this portion of the cabinet 6 are the bypass conduit 28, hot water inlet 
14 and hot water outlet 13. 

[0013] Between the precool coil 23 stage and the reheat coil 25 stage are 
water flow loop conduits 20 and a circulating pump 22 held by pump bracket 36. 
[0014] Below the precool coil 23 there may be a condensate baffle pan 64 

25 having multiple baffles 65 with associated condensate pan located above 
vertical air return plenum 48. The condensate baffle panel 64 may be mounted 
such that there is an approximate 3 to 5 degree positive slope from the rear of 
the cabinet 6 to the front thereof to facilitate condensate draining into collection 
pan 70 which has a right side condensate fitting 72 and a left side condensate 

30 fitting 73 as illustrated in Figure 4. There is a right enclosing panel 71, left 
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enclosing panel 74 and rear enclosing bracket 75. The condensate baffle pan 
64 may be removably mounted in the cabinet 6. This configuration allows 
vertical installation of the system 1 without the need for a vertical plenum kit as 
for example in a closet. 
5 [0015] A vertical air return plenum 48 may be used for building basement, 
garage, utility room and like freestanding installations. Plenum 48 contains a 
plenum condensate pan 47 with right and left condensate fittings 44, 46. There 
may be a plenum service panel 63 attached by screws 58. For this 
configuration right and left return duct flanges 5 and service panels 63 may be 

1 0 used and fitted with air filter grills. 

[0016] For cooling operation in a high sensible heat ratio environment, the 
air conditioning system senses the environmental space of a structure by 
means of a sensor or thermostat 53. When the temperature is 1/2 to 2 degrees 
above the thermostat 53 set point for operation, the compressor 41 is activated 

15 after a 2 to 75 sec o nd rH n v . Th o f n n -26-then is a ctivated to turn on at a low 
speed for increase in a time interval to full operating speed. When the 
thermostat 53 senses a temperature 1/2 to 2 degrees below the set point, the 
compressor 41 is deactivated and the fan 26 speed decreases over a time 
period to turn off. 

20 [0017] Under conditions of a low sensible heat ratio the air conditioning 
system may operate in a cooling and/or dehumidification mode. The sensor 53 
activates the compressor 41 and positions the precool coil bypass valve 29 to 
route water through the precool coil 23. Approximately 1/2 to 45 seconds 
thereafter the recirculating pump 22 is activated. Approximately 1/2 to 45 

25 seconds thereafter the fan 26 is activated to run at the dehumidification 
operating speed. If the sensor 53 senses the temperature is 1/2 to 2 degrees 
below the set point the precool coil bypass valve 29 is positioned to route water 
to the bypass conduit 28 and thereby bypassing the precool coil 23. The hot 
water control valve 30 will then open to the hot water source 33. The airflow 

30 will then be heated by reheat coil 25 until a temperature approximately 1/2 to 2 
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degrees above the set point is sensed. When such temperature is sensed the 
hot water control valve 30 will be positioned to shut off the hot water source 33 
and the precool coil bypass valve 29 will be positioned to route water through 
precool coil 23. This cycling will repeat in order to maintain the sensed 
5 environment air in the set temperature and humidity range. When the 
temperature and/or humidity are in the set range the compressor 41, loop 
recirculating pump 22 and fan 26 will turn off in a reverse sequence from the 
turn on. 

[0018] The air conditioning system may also be used for heating only. In a 
10 similar manner to the previously described operations, the temperature of the 
environment is sensed by sensor 53. Within the temperature range set for the 
system the precool coil bypass valve 29 is positioned to route water through 
precool coil 23 for heating airflow or to bypass the precool coil 23. The hot 
water control valve 30 is positioned to introduce hot water 33 into the system, 
15 the rec ircula tin g p ump 22 is -aetiv a l ed and t he tan 2b activated to operate at 
selected speeds. A reverse process is used to shut down the air conditioning 
system upon temperature stabilization. In this mode the compressor 41 is not 
activated. 

[0019] The air conditioning system may also be used in a mode for freeze 
20 protection and as a heat pump in a defrost mode by proper positioning of the 
valves to circulate hot water through the system and the precool coil 23 and 
reheat coil 25. In this mode the cooling coil 24 serves as a condenser. In the 
defrost mode of operation the cooling coil 24 again serves as an evaporator. 
In all of these modes of operation the check valve/buffer serves to control the 
25 water pressure flow in the system as well as the flow path to recirculate cooled 
water through the hot water source 33. 

[0020] The check valve/buffer 31 used in the air conditioning system 1 
serves to stabilize system pressure of the water flow loop conduits 20 and 
associated valves of the water loop system 80 to control the formation of 
30 bubbles in the water. The water loop system 80 pressure can vary due to the 
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expansions and contractions of the water when the system exits operations of 
reheating, pumping, and heat cycles as well as uneven pressure may occur in 
combination heat, cool, dehumidification when high water use devices such as 
showers, hot tubs, washers and the like are operated. The high water use 

5 without proper regulator control can cause pressure fluctuations in the water 
loop system 80 that may cause air bubbles to form and reduce or stop the 
recuperative heat process of the air conditioner system 1 . The check valve 31 
may be replaced by a scrubber/volume control and a purge combination 
assembly (not shown). The assembly may be located in the position of the 

1 0 illustrated purge valve 32. 

[0021] Referring to Figures 1, 2 and 12, a purge, balance and scrubber 
combination valve 90 may be located in place of the purge valve 32. The 
separator body 91 with coalescing fill material 92 may be positioned at a 45 
degree angle relative to the fluid flow 100 as illustrated in Figure 12 which 



15 position may a'lo w *h« nir condttienrng-^ystem I to rv* nspfl in common 
positions, such as, vertical, horizontal or down flow. The combination valve 90 
may have an alternate purge valve 93, a balancing valve 94 and a float valve 
95. The float valve 95 may be in fluid communication with the separator body 
91 with a flexible hose 96. The flexible hose 96 and float valve 95 may be 

20 repositioned without the need for disconnecting or resoldering of the 
combination valve 90 to accommodate use of the air conditioner in various 
position orientations. The float valve 95 may facilitate the separation of air from 
the fluid in the system. 

[0022] Referring to Figure 5, the check valve 31 comprises a valve of 
25 nonferrous material with no neoprene, rubber or like material as an element 
thereof. The check valve 31 has a calibrated internal bleed port 62 or a 
calibrated external bleed tube 61 . The internal bleed port or external bleed 
tube is sized based on the percentage of total fluid flow in the recuperative 
water loop system 80 when the system 1 is in the recuperative loop system 
30 mode. 




[0023] Referring to Figures 5A and 5B, the check valve 31 may have a 
calibrated groove 35 formed in the edge of a valve disk 34 rather than a bleed 
tube or internal bleed port. The calibrated groove 35 may provide improved 
reliability for self cleaning of the check valve 31 . 

5 [0024] Referring to Figure 1 through 3, the operation of the air conditioning 
system 1 control panel 52 comprises control functions as previously described 
for system 1 operation such as sensor 53 and fan 26 speed control for efficient 
operation. Additionally to support operations to control formation of bubbles in 
the water loop system 80 a purge cycle may be incorporated to remove bubbles 

10 created by normal outgassing of hydrogen and oxygen from fresh water used in 
the system. The purge cycle circulates the water with the fan 26 off and bypass 
valve 29 positioned to route water through precooling coil 23. The system is 
operated in this state for between approximately ten and sixty two seconds 
several times in a 24 hour period. The purge valve 32 may be used to adjust 

15 the system 1 to the l oca l dim at^ nvironm entanrflne piping design! 

[0025] A hot water use priority control system may also be incorporated in 
the system 1 . A hot water supply sensor 51 senses water supply temperature 
at the inlet to reheat coil 25. The sensor is set to turn the fan 26 on or off in the 
heating mode depending on a low or high water temperature sensed by the hot 

20 water supply sensor 51 . 

[0026] The fan 26 control system incorporates two sensors: reheat coil 
sensor 49 after reheat coil 25 and cooling coil sensor 50 after cooling coil 24. 
The sensors communicate with a motor control function incorporated in control 
panel 52. The fan speed is controlled based on settings to support operating 

25 modes as previously described. The fan 26 speed control allows removal of 
approximately 20% additional air moisture resulting from having a wet cooling 
coil 24 early in the cooling and dehumidification cycle mode of operation which 
produces a the higher effective heat transfer area and a lower coil bypass 
factor. 

30 [0027] Referring to Figures 3 and 6 through 11, while the invention has 



9- 



been described with reference to a particular air conditioning system, other 
configurations are possible using the same improved water loop system 80 and 
associated elements. The control system illustrated in Figure 3 may have a 
C02 or air quality function 68, a fire alarm interface 55, a freeze sensor 54, a 
5 fresh air damper/ventilator output69, a humidifier 60 and an electronic air 
cleaner 56 to perform tasks to maintain the efficiency of the air handler in the 
cooling, dehumidification, heating, humidification and air quality control. 
[0028] Other possible physical air conditioning system 1 configurations may 
include Figure 6 wherein a double wheel forward curve centrifugal fan 26 is 
10 used. The precooling coil 23 is positioned at a 45 degree angle relative to the 
upper and lower condensate pans 27. The system has bottom and right side 
return air ducts 5. 

[0029] Figure 7 illustrates a system 1 with a single blade forward curve 
centrifugal fan 26 having a combined slab cooling coil 24. 

15 [0030] Fi guro 8 i l lustra te s a system I with a single wheel forward curve 

centrifugal fan 26 blowing through reheat coil 25 and pulling through a 
combination of a slab cooling coil 24 and precooling coil 23 positioned vertically 
to upper and lower condensate pans 27. 

[0031] Figure 9 illustrates a system 1 with a single wheel forward curve 
20 centrifugal fan 26 with cooling coil 24 and precooling coil 23 positioned at a 45 
degree angle with condensate pans 27. 

[0032] Figure 10 illustrates a system 1 in a side by side configuration 
having a "W" shaped pleated cooling coil 24. This system may be used to 
replace oil and gas fired furnaces located in a basement and is limited to use in 
25 an air up flow application. The system 1 is illustrated with an air cleaner 56 
which may be mechanical, electrical and the like. The illustrated system 1 may 
also contain a humidifier. 

[0033] Figure 1 1 illustrates a system 1 in which coils 23, 24 and 25 have a 
unitized tube sheet with a fin gap 76 between the reheat coil 25 and the cooling 
30 coils 24. The construction of the precooling coil 23, cooling coil 24 and reheat 
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coil 25 may utilize one tube sheet as illustrated. However, with such 
construction a fin gap of 1/4 to 1/2 inch between coil elements may be 
necessary for a more efficient loop transfer system because of condensate 
wash that may counteract the heat transfer efficiency of the precooling coil 23 
5 and the reheat coil 25. This condensate wash has been shown to cause 
problems in existing systems. The precooling coil 23 and reheat coil 25 do not 
have to be of the same size, shape or capacity. They also do not have to be of 
the same fin design, coil pattern or other like element parameters. 
[0034] Again, referring to Figure 1, by removing the horizontal condensate 
10 pan 27 and inverting the cooling coil 24 and coil divisional support panel 37, the 
air conditioning system 1 may be used in an air flow down application. When 
used in such a configuration proper consideration to collecting all condensate 
must be taken. 

[0035] There has been disclosed a system that employs a water loop 
45 — s y c tom that includ e s a check v alve and operating modes to minimize problems 
in system compatibility with various environments and the use of domestic 
water supply sources. The system may be installed with or without a domestic 
humidistat, may use single, multiple, variable capacity and/or dual compressor 
condensing units and may be connected to a domestic or dedicated hot water 
20 supply system. The system is compatible with air-to-air, dual fuel heat pumps, 
ground or water well heat pumps, chillers, ice banks, liquid storage systems, 
slurry storage systems and other systems. The elements can be produced 
including direct expansion or chilled water cooling. The structure is compatible 
with a wide variety of equipment configurations for use in various building 
25 installation configurations. 

[0036] While the invention has been particularly shown and described with 
respect to the illustrated and preferred embodiments thereof, it will be understood 
by those skilled in the art that the foregoing and other changes in form and details 
may be made therein without departing from the spirit and scope of the invention. 
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